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ABSTRACT 

In this work, an experimental approach of speckle photography was used for measuring birefringence of thermotropic 
liquid crystals mixtures at different wavelengths in the visible region. Also the dispersion relations were investigated. 
The values of the refractive indices were measured for these mixtures of thermotropic liquid crystals in isotropic and 
liquid crystal phase at different wavelengths. The effect of the end group of these LCs used on the values of birefrin-
gence was investigated and discussed. 
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1. Introduction 

Liquid crystal technology has a major effect on many 
fields of science and engineering, as well as devices tech- 
nology. Applications for this special kind of material are 
still being discovered and continued to provide effective 
solutions to many different problems.  

The complex optical properties of thin films of poly- 
mer dispersed liquid crystals, and their refractive indices, 
have been determined [1]. Birefringence measurements 
at the wavelength 0.6328 μm for some common nematic 
liquid crystal cells were presented [2]. Refractive indices 
(ne, no) and birefringence (Δn) for cholesteric and iso-
tropic phases of cholesteryl carbonate, cholesteryl stea- 
rate at varying temperature were measured [3]. Transmit- 
tance spectra of a mica film and 4-cyano 49-pentyl bi- 
phenyl liquid crystal were acquired in the visible spectral 
region, and the dispersion curves of the refractive index 
and the birefringence were deduced [4]. New guidelines 
for selecting or synthesizing the liquid crystals with the 
desired birefringence were established [5]. The thermo- 
tropic liquid crystal (N-4-methoxybenzilidene-4butylani- 
line), entrapped on hydrogels, based on crosslinked poly- 
acrylamide was studied [6]. The birefringence of the liq- 
uid crystal as functions of the temperature was measured 
with and without the power supply [7]. The voltage de- 
pendence of the birefringence, for a nematic liquid crys- 
tal mixture doped with two anthraquinone derivatives 
were predicted [8]. The temperature dependence of the 

two indices ne, no and of the optical activity for uniaxial 
liquid crystals was reported [9]. The processes of meso- 
gen ordering in nematic and cholesteric sidechain poly- 
mer systems were studied [10]. Properties of anodic alu- 
minum oxide film as a liquid crystal alignment material 
were studied [11].  

This work deals with four thermotropic LCs com-
pounds locally prepared and the structure of thermotropic 
liquid crystal materials used is 4-substituted phenyl-4- 
alkoxy benzoates [12] which have the following struc-
ture: 

 

4-ClH2l+1O- -X-4-COO- 

 
 

where l is an integer number, and X is the extension 
group which is the electron-withdrawing NO2. In this 
work l took the numbers of 6, 8, 14, and 16 respectively. 
After that a mixture of liquid crystal of l equal 6 and 14, 
and of l equal 6, 14 and 16 and other of 6, 8, 14 and 16 
were used, where the composition per percentage mole 
was as in Table 1. Each material used is represented by 
the value of l with a symbol “e” after each number refer-
ring to the end group NO2. Table 1 shows transition 
temperatures in Celsius degree for the compounds used 
in this work. The symbols C-A, C-N, A-N, A-I, and N-I 
mean the transition from, solid crystal to semictic A, 
solid crystal to nematic, semictic A to nematic, semictic 

 to isotropic and nematic to isotropic respectively.  A 
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Table 1. Composition and transition temperatures (˚C) for compounds ClH2l+1O-C6H4-COO-C6H4-NO2. Values between pa-
rentheses are those determined by the extrapolation method. 

Composition (mol%) Transition Temp. (˚C) 
Mixture 

l = 6 l = 8 l = 14 l = 16 TC-A TC-N TA-A TA-I TN-I 

6e pure - - - - - - - (71.2) 

8e - pure - - 53.1 - 62.6 - 69.2 

14e - - pure - - - - - (76.2) 

6/14e 60.0 - 37.5 - 50 - 68.0 - - 

6/14/16e 47.03 - 30.73 22.22 45.99 - - 72.50 - 

6/8/14/16e 33.08 28.55 21.12 17.22 - 69.0 - - (78.0) 

 
2. Refractive Index Measurements  

Two different methods were used for measuring refractive 
indices of the materials used; one was Abbe refractometer 
equipped with hot water bath around the prisms with 
different wavelengths at different degrees of temperature. 
The temperature of water was controlled by a thermostat 
within ±0.1˚C. A white light source was used with inter- 
ference filters of wavelengths (640 nm, 577 nm, 546 nm, 
435.8 nm), and a sodium lamp of wavelength (589.3 nm). 
The dispersion relations between refractive indices and 
wavelengths at certain temperature in isotropic and liquid 
crystal phase were shown in Figures 1-6, for (6e), (8e), 
(14e), (6/14e), (6/14/16e) and (6/8/14/16e).  

Another method for measuring the values of refractive 
indices of the thermotropic LC materials used was by us- 
ing the spectrophotometer device at different wavelengths 
of white light source. The value of refractive index was 
determined by measuring the reflectance values of mate-
rial [13]. A slight difference in the accuracy of the values 
of refractive indices was noticed between ≈0.001 to ≈0.01 
when comparing results between the measurements ob-
tained from Abbe refractometer and the spectrophoto- 
metric technique. 

3. Birefringence Measurement 

Birefringence of the liquid crystals was measured by us- 
ing speckle interferometry technique. The optical setup 
used is shown in Figure 7. The samples were put into an 
electric oven for measuring birefringence at a certain de- 
grees of temperature in order to obtain the LC phase as 
shown in Table 1. The interference pattern for both or- 
dinary and extraordinary components were magnified by 
(q/p), where p was the distance from the lens (L3) to the 
diffuser (D), and q is the distance from the lens (L3) to 
the image (H); t was the thickness of the liquid crystal 
whose refractive index is n. The photographs were taken 
while the samples temperatures were heated and when 
they cooled. The setup of the optical arrangement in  

 

Figure 1. The relation between refractive index (n) and 
wavelength (λ) at certain temperature, T = 65˚C in isotropic 
phase, and 55˚C in LC phase for (6e) liquid crystal. 
 

 

Figure 2. The relation between refractive index (n) and 
wavelength (λ) at certain temperature, T = 73˚C in isotropic 
phase, and 66˚C in LC phase for (8e) liquid crystal. 
 
Fourier plane for observing the Young fringes from the 
specklegram was used [14]. Plate 1 shows the interfere- 
ence Young’s fringes from the specklegram of (6e, 14e, 
6/14e and 6/14/16e) thermotropic liquid crystals at wave- 
length 632.8 nm. 

The relationship of the shift D between ordinary and 
extraordinary images and the spacing of the Young’s 
fringes  is given by [15]: 

p
D f

q

 

   
                (1) 
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Figure 3. The relation between refractive index (n) and 
wavelength (λ) at certain temperature, T = 85˚C in isotropic 
phase, and 75˚C in LC phase for (14e) liquid crystal. 
 

 

Figure 4. The relation between refractive index (n) and 
wavelength (λ) at certain temperature, T = 78˚C in isotropic 
phase, and 70˚C in LC phase for (6/14e) liquid crystal. 
 

 

Figure 5. The relation between refractive index (n) and 
wavelength (λ) at certain temperature, T = 78˚C in isotropic 
phase, and 65˚C in LC phase for (6/14/16e) liquid crystal. 

 

Figure 6. The relation between refractive index (n) and 
wavelength (λ) at certain temperature, T = 78˚C in isotropic 
phase, and 69˚C in LC phase for (6/8/14/16e) liquid crystal. 
 

 
6e                           14e 

 
6/14e                       6/8/14/16e 

Plate 1. The interference Young’s fringes from specklegram 
for 6e, 14e, 6/14e and 6/8/14/16e thermotropic liquid crys-
tals with laser source of wavelength 632.8 nm. 

 
 O       L1       C      L2       D           L3        S        H 

P q  

Figure 7. Optical set-up for measuring the birefringence of an anisotropic optical material. O: monochromatic source, L1, L2 
& L3: converging lenses, C: diaphragm, D: diffuser, S: liquid crystal inside the oven and H: holographic plate. 
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Table 2. Shows the values of birefringence n at different wavelengths for the thermotropic liquid crystals used. 

　n 

Sample (λ) (632.8 nm) (λ) (543.5 nm) (λ) (514.5 nm) (λ) (488 nm) 

6e  0.21 ± 0.01 0.23 ± 0.01 0.24 ± 0.01 0.25 ± 0.01 

8e 0.23 ± 0.01 0.24 ± 0.01 0.256 ± 0.01 0.26 ± 0.01 

14e 0.27 ± 0.01 0.28 ± 0.01 0.29 ± 0.01 0.30 ± 0.01 

6/14e 0.20 ± 0.01 0.21 ± 0.01 0.22 ± 0.01 0.24 ± 0.01 

6/14/16e 0.16 ± 0.01 0.18 ± 0.01 0.19 ± 0.01 0.21 ± 0.01 

6/8/14/16e 0.14 ± 0.01 0.15 ± 0.01 0.17 ± 0.01 0.19 ± 0.01 

 
where, f is the focal length of the Fourier transform lens 
and λ is the wavelength of light used. In order to calcu- 
late birefringence n, the following equation was used 
[15]: 

.             (2) 
sin 2

n f p

n t q



 

   

where n is the refractive index of the LCs; t is the thick- 
ness of the sample and θ is the angle between the optic 
axis and the normal to the surface of the sample. The 
angle θ was determined by using the conoscopic meas- 
urement system [16]. Table 2 shows the measuring data 
for LCs used where birefringence was calculated with 
laser sources of wavelengths, 632.8 nm, 543.5 nm, 514.5 
nm, and 488 nm, and the thickness of each sample is 
(150 m). 

The dispersion curves for birefringence of four LCs 
used in the visible region are shown in Figure 8. We 
noted from Figure 8 that the increase of the number of 
carbon and hydrogen atoms in the single chemical struc- 
ture, the value of birefringence as in LCs (6e), (8e) and 
(14e) increases. Besides, the mixture of LCs makes in- 
crease in the end group NO2 which decreases the value of 
birefringence as in LCs (6/14e), (6/14/16e) and (6/8/14/ 
16e). These results show that in order to increase bire-
fringence, the number of carbon and hydrogen atoms in 
the single chemical structure must be increased, which 
can be used in many applications such as liquid crystal 
displays. But the mixture of these liquid crystals de-
creases the birefringence which isn’t preferable.  

4. Conclusion 

The experimental approach of speckle interferometry 
technique for measuring birefringence of liquid crystals 
and the dispersion relation was described. Also the val-
ues of refractive indices for these thermotropic liquid 
crystal materials were obtained with a high degree of 
accuracy. The experimental data shows that the values of 
birefringence increase by increasing the number of car- 
bon and hydrogen atoms in the chemical structure and  

 

Figure 8. The dispersion relation between birefringence (Δn) 
and the wavelength λ at a certain temperature, in LC phase 
for 6e, 14e, 6/14e, 6/14/16e and 6/8/14/16e, liquid crystals. 
 
decrease by increasing the end group NO2 in the mixture 
of liquid crystals. The end group NO2 is an electrophile 
which is a species having electron deficient atom, so that 
it is a positive charged and accepting or withdrawing 
electron, which decreases the stability of the chemical 
structure compound and then decreases the directionality 
of the molecules which decrease birefringence. These 
results become opposite when the end group is donating 
electrons called monotropic or nucleophiles which is a 
species having electrons rich atom, such as OCH3 group 
[17]. The experimental errors in measuring birefringence 
of the liquid crystal materials used were within ±1% to 
±2%, which are acceptable according to others [15,17]. 
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